In the present research work, intensive investigations were performed on axial compressor blades from experimental and numerical point of views and results are confined to variations of surface pressure distributions versus flow incidence. Test model was a cascade consisting of three rotor blades of an axial compressor with profile geometry introduced as NGTE 10C4/30C50 section. Tests were carried out in an open circuit wind tunnel of blowing type. Tunnel walls were modified somehow to fit the proposed intentions. In this respect, a suitable test section together with a secondary nozzle were designed and manufactured. These were connected to the exit section of the original wind tunnel. The Reynolds number was changed from 250,000 to 410,000 based on the blade chord length. 30 pressure tappings were mounted evenly all around the surface of the middle profile both on the pressure and suction surfaces. A suitable data accusation system was used to log the surface static pressures under different conditions. In parallel to the wind tunnel tests flow characteristics were studied using computational fluid dynamics (CFD) technique. Reynolds averaged Navier-Stokes equations were solved using realizable K-ε turbulence modeling. Finally, numerical results were compared to those obtained through the tests which showed close agreements and conclusion shows that the relationship between incidence variations and pressure coefficient changes.
Introduction


Cascade data are essential in design process of any turbomachine blades. These data consist of variations of losses, pressure rise, surface pressure distributions and outlet flow angle in terms of Reynolds number, inlet Mach number and flow incidence [1, 2] . In this paper the performance of NGTE 1065c40 compressor blade sections in cascade has been investigated systematically in a low-speed cascade tunnel. In this paper the performance of NGTE 1065c40 compressor blade sections in cascade for various incidences has been investigated. Compressor designers use cascade data not only for selection of profile geometry to suit their predicted on design performance, but also to meet off design conditions. Blade incidence may change due to many factors. These factors mainly consist of rotational speed of the compressor axis and inlet flow conditions. Design point in majority of turbomachines does not necessarily correspond to zero incidence. As a result, cascade data at various incidences would be vital during design performance [3] .
The design of an axial-flow compressor of high performance involves three-dimensional high-speed flow of compressible viscous gases through successive rows of closely spaced blades. No adequate theoretical solution for this complete problem has yet appeared nor considering the complexity of the problem does it seem likely that complete relationships will be established for some time. 
where 1  and 2  are air angles in inlet and outlet respectively, c is air velocity. The pressure rise through the cascade can be expressed as a dimension less quantity known as the pressure or pressure recovery coefficient [5] . Thus the ideal pressure recovery coefficient for the cascade is given by: (4) For an actual flow the static pressure rise is given by Eqs. (5)- (7):
Test Facility and Instrumentation
The Wind Tunnel
Almost all typical NGTE low-speed cascade tunnels discharge to the atmosphere and are powered by variable-speed centrifugal or axial blowers [6] . 
Description of Airfoils
The three tested blades in this research (NGTE10C4/30C50) have similar cascade geometry (chord, aspect ratio, solidity, stagger angle, and camber angle), the first two digits (10) denote the maximum thickness in percent chord; C4 indicates a thickness distribution; 30 indicates camber angle in degree; C refers to the type of mean line, in this case, circular arc; and 50 is the distance of the point of maximum camber from the leading edge in percent chord [7] . 
Experimental Procedure
Reynolds Number
At the beginning of each experiment, it was essential to attain reasonably uniform conditions at entry to the cascade. This was obtained by means of adjusting both top and bottom suction rates and, also, the included angle of the bottom diffuser. Given low free-stream turbulence intensity, sufficiently low values of Reynolds number give rise to laminar separation over most of the blade suction surface. This separation may occur at low incidence resulting in high loss [8] . Horlock, Shaw, Pallard and Lewkowicz have shown that there is a minimum value of Reynolds number to have no effect on the performance a conclusion which was reached also by Rhoden [9] . This "critical value" is about 100,000 for the cascade under investigation, The Reynolds numbers of most NGTE low-speed cascade tests, based on blade chords and inlet velocities fall roughly in the range from 150,000 to 500,000. Because of widely varying turbulence levels of various cascade tunnels, effective Reynolds number is frequently used when data from different-tunnels are being compared. Reynolds number value in the present work was varied from 340,000 to 460,000 based on blade chord length.
The principal effect of wall stall is the destruction of the two-dimensionality of the mainstream and the consequent increase in axial velocity. It is clear that the increase in axial velocity is the predominant cause of the deterioration of the static pressure rise coefficient. The effect of total pressure losses is small until close to stall, when it becomes dominant.
Profile Pressure Distribution
30 pressure tappings were mounted evenly all around the surface of the middle profile both on the pressure and suction surfaces. A suitable data accusation system was used to log the surface static pressures under different conditions, as shown in Fig. 2 . 
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Numerical Solution Method
Most turbomachinery flows encountered in practice are turbulent and three-dimensional in nature. In addition, turbulence is dissipative and diffusive. As a result, because of the complex nature of the turbulence, especially in compressors, simple turbulence models which are based on simple shear layers fail to capture all turbulence effects. Turbulence can not be modelled by any of the approaches, which utilize the zero, one and simple two-equation turbulence models. The realizable k-ε model has different equations from k-ε model for simulation of eddy viscosity and turbulent energy dissipation. This kind of turbulence modeling is relatively simple to implement; moreover, it provides superior performance for flows involving boundary layer flows with large adverse pressure gradients, separation and circulation. Since this model accounts for the effects of streamline curvature, swirl, rotation and rapid changes in strain rate in a more rigorous manner than one-equation and other two-equation models, it has greater potential to give accurate predictions for complex flows. The realizable k-ε model was designed specifically for turbomachinery applications involving wall-bounded flows and has been shown to give good results for boundary layers subjected to adverse pressure gradients [10] .
As normally used for cascade flows, the H-O-H grid system near the blade surfaces is adopted and unstructured grids are used for the flow field which is far away blades. As shown in Figs. 2 and 3, using these grids system allows a fine mesh round the blade (i.e., in the blade passage) and fits the blade shape very well. Near the blade surface, the mesh is set even finer. All these mesh characteristics lead to improved resolution of flow information from the computation, thus are advantageous to better predict boundary layer development.
In realizable k-ε model there are new transport Eq.
(8) for turbulent kinetic energy and ε modeling:
G k is turbulent kinetic energy generatin term.
In this Eq. (9) C 1 and C 2 are constant.
Conclusions
In this paper, the unsteady flow field within an axial cascade of three rotor blades has been investigated with emphasis on the influence of incidence effects on pressure distributions. The results of pressure distribution in terms of pressure coefficient are plotted along the blade chord in difference incidences at various positions given by ratio X/C%. Among the numerous results some limited are selected for presentation and discussion. As it is obvious from the figures on pressure side, the pressure coefficient was getting smaller when the incidence decreases. It was also visible on the suction side that with increasing the incidences Cp was getting smaller till 40% chord and after that this amount was getting larger. It should be mentioned that stagnation point with increasing the incidence move from suction side to pressure side. The pressure coefficient distribution at the two Reynolds numbers can be discussed here. Because of dynamic pressure term in pressure coefficient equation the pressure distribution on both sides of blade in Reynolds number of 460,000 is smaller than 340,000.
